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PLQRUPHDVXUH RI IUDFWXUHV DEUDVLRQ DQG HODVWLF GHIRUPDWLRQV RI WKH VLQJOH SDUWLFOHV ,W LV ZHOO NQRZQ WKDW JUDLQ
FUXVKLQJ SOD\V D IXQGDPHQWDO UROH LQ WKH PHFKDQLFDO EHKDYLRXU RI SDUWLFXODWH PDWHULDOV EHLQJ RQH RI WKH PDLQ
GHIRUPDWLRQPHFKDQLVPVDWPHGLXPKLJKVWUHVVHV$VFUXVKLQJSURJUHVVHVIRUHIIHFWRILQFUHDVLQJDSSOLHGVWUHVVHV
WKHJUDLQVL]HGLVWULEXWLRQXQGHUJRHVPRGLILFDWLRQVFDXVLQJFKDQJHVLQWKHSRURVLW\JUDLQWRJUDLQFRQWDFWVGHQVLW\
SDFNLQJGHQVLW\DQGLQWKHFRPSOH[SURFHVVRIJHQHUDWLRQDQGIUDJPHQWDWLRQRISDUWLFOHV*UDLQFUXVKLQJLQIOXHQFHV
WKHSHUPHDELOLW\VKHDUVWUHQJWKGHIRUPDELOLW\FULWLFDOVWDWHRIJUDQXODUPDWHULDOV,WLQWHUHVWVDW³QRUPDO´VWUHVVOHYHO
DQGVWUDLQFRQGLWLRQVSDUWLFOHVVXFKDVZHDNURFNFDUERQDWHVDQGVH[SDQVLYHFOD\SHOOHWVS\URFODVWLFVRLOVDQGDW
KLJKRUYHU\KLJKVWUHVVHVDOVRPDWHULDOVFRQVLVWLQJRIYHU\KDUGSDUWLFOHVVXFKDVTXDUW]VDQGV,WKDVUHOHYDQFHLQ
PDQ\ SUDFWLFDO SUREOHPV VXFK DV KLJK HDUWK GDPV GHHS ZHOOV DQG WXQQHOV GULYHQ SLOHV H[SORVLRQV LPSDFW RI
SURMHFWLOHVURFNDYDODQFKH³VWXU]VWURPV´HWF%UHDNDJHRIJUDLQVKDVEHHQREMHFWRIPDQ\H[SHULPHQWDOWKHRUHWLFDO
DQGQXPHULFDOVWXGLHVUHJDUGLQJVDQGW\SHVWUHVVSDWKHIIHFWLYHVWUHVVOHYHOHWF>HJ@+RZHYHUVRPHDVSHFWV
DUHVWLOOQRWIXOO\XQGHUVWRRGLQSDUWLFXODUZLWKUHIHUHQFHWRWKHHYROXWLRQRIFKDUDFWHULVWLFGLDPHWHUVWKHPHDQVWUHVV
OHYHODWZKLFK WKHHYROXWLRQRIJUDGLQJ LV VHOIVLPLODURU IUDFWDO7KLVSDSHU UHSRUWV WKH UHVXOWVRIDQH[SHULPHQWDO
UHVHDUFKUHODWLYHWRDYHU\KLJKLQWHUYDORIVWUHVVHVVƍYPD[ 03DRQDSXPLFHVDQGWKDWLVSDUWLFXODUO\FUXVKDEOH
HYHQDWUHODWLYHO\ORZPHDQVWUHVVOHYHOV
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DOPRVWPRQRJUDQXODU)LJXUH7KHXQLIRUPLW\FRHIILFLHQW&XRIWHVWHGVDQGVUDQJHVIURPWRVDQGVDQG
IURP WRVDQGV7KHVDQGVDQGDUHREWDLQHGDVPL[WXUHVRI VDQGVDQGDQGVDQGVDQG
UHVSHFWLYHO\7KHLQLWLDOYRLGUDWLRHUDQJHVIURPWRIRUVDQGVDQGIURPWRIRUVDQGVDQG
7KHVDQGJUDLQVKDYHLUUHJXODUVKDSHDUHJHQHUDOO\DWVKDUSFRUQHUVDQGKDYHDV\VWHPRILQWUDJUDQXODUYRLGV2QH
GLPHQVLRQDO FRPSUHVVLRQ WHVWV KDYH EHHQ FDUULHG RXW LQ D VSHFLDOO\ EXLOW RHGRPHWHU FDSDEOH RIZLWKVWDQGLQJ KLJK
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WKHWHVWVGXUDWLRQUDQJLQJIURPWRPLQ7KH
WHVWVD[LDOGHIRUPDWLRQDQGWKHGXUDWLRQRIWHVWVDUHVXFKWKDWWKHLQIOXHQFHRIFUHHSRQJUDLQFUXVKLQJLVQHJOLJLEOH
2YHUDOOWHVWVKDYHEHHQSHUIRUPHG7HVWVZHUHSHUIRUPHGRQGU\VDQGV$IWHUWHVWLQJWKHVSHFLPHQVZHUHVLHYHG
ZLWKWKHDLPRIVWXG\LQJWKHHYROXWLRQRIEUHDNDJHRISDUWLFOHVSURFHVV


)LJ,QLWLDOJUDGLQJRIWKHVDQGVXWLOLVHGLQWKHH[SHULPHQWDWLRQ
([SHULPHQWDOUHVXOWV
)LJXUHVKRZVVRPHSKRWRVREWDLQHGE\XVLQJWKHRSWLFDOPLFURVFRSHDWGLIIHUHQWPDJQLILFDWLRQVDIWHUVLHYLQJ
RIVRPHSDUWLFOHVRIWKHPDWHULDORIGLIIHUHQWVL]HVRIDVSHFLPHQVXEMHFWHGWRVƍY 03D7KHUHDUHVDQGSDUWLFOHVRI
WKHVDPHVL]HVRIWKHLQLWLDOVDQGGPPWKLVPHDQVWKDWQRWDOOWKHJUDLQVDUHFUXVKHGDWWKHHQGRIWKHWHVW
7KHGHIRUPDWLRQSURFHVVFRQVHTXHQWWRWKHORDGDSSOLFDWLRQSURGXFHVSDUWLFOHVRIYDULRXVVL]HVDOOZLWKYHU\VKDUS
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SDUWLFOHVDUHVWLOOSRWHQWLDOO\FUXVKDEOHKDYLQJDVPDOOFRRUGLQDWLRQQXPEHU&1QXPEHURIFRQWDFWVZLWKLWVQHLJKERU
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JUDLQVZKLFKVWURQJO\GHSHQGVRQWKHW\SHRIFRUQHUVRIWKHVLQJOHSDUWLFOHV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'LDOZD\VGHFUHDVHZLWKWKHLQFUHDVLQJRIVƍY+RZHYHUH[SHULPHQWDOUHVXOWVVKRZWKDWWKHUHLVDQXSSHUOLPLW''LPD[
WR''L''LPD[LVORZHUWKDQWKHLQLWLDOYDOXHRI'L''LFDQEHUHODWHGWRVƍYDFFRUGLQJWRWKHIROORZLQJIXQFWLRQ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ZKHUH.K&DUHSRVLWLYHSDUDPHWHUVGHSHQGLQJRQQDWXUHDQGWKHLQLWLDOSURSHUWLHVRIWKHVDQGDQGFDQEHIRXQGE\
XVLQJFXUYHILWWLQJPHWKRGV2WKHUIXQFWLRQVPD\EHXVHGWRILWH[SHULPHQWDOGDWDWRR7KHSDUDPHWHUKLVUHODWHGWR
WKHSURSHQVLW\WRFUXVKLQJRIVDQGSDUWLFOHVWKHSDUDPHWHU.DFFRXQWVIRUWKHUHVLVWDQFHWRWKHFKDQJHVRI'LWKDWLV
KLJKHU WKH KLJKHU WKH QXPEHU RI SDUWLFOHV IRU YROXPH XQLW DQG FRQVHTXHQWO\ WKH VPDOOHU DUH WKH GLPHQVLRQV RI
SDUWLFOHV7KHSK\VLFDOPHDQLQJRIWKHSDUDPHWHU&LVQRWDV\HWFOHDU)XQFWLRQSORWVDVDORJLVWLFRU9HUKXOVWFXUYH
RQWKHSODQH''LORJVƍYLWKDVWZRKRUL]RQWDODV\PSWRWHV''L DQG''LPD[ K.7KHH[LVWHQFHRIDQXSSHUERXQG
''LPD['LLPSOLHVWKDWDWYHU\KLJKVWUHVVHVWKHSDUWLFOHVRIWKHVDQGEHFRPHVRWLQ\RUVRPXWXDOO\FRRUGLQDWHGWKDW
IXUWKHUEUHDNDJHEHFRPHVQHJOLJLEOHDVSUHGLFWHGE\.HQGDOO>@7KHUHODWLRQZHOOILWVRWKHUH[SHULPHQWDOGDWD
UHODWLYHWRRWKHUPDWHULDOVVXFKDVFDUERQDWHVDQGTXDUW]VDQGDQJXODUJODVVERWKLQ'FRPSUHVVLRQDVLQWULD[LDO
FRPSUHVVLRQ>@
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>@UHODWLYHEUHDNDJHLQGH[HVLQIXQFWLRQRIVƍYIRUVDQGVDQG7KH+DUGLQ¶VUHODWLYHEUHDNDJHLQGH[%UGHILQHG
DVWKHUDWLREHWZHHQWKHWRWDOEUHDNDJH%WLH WKHDUHDRQWKHVHPLORJDULWKPLFSORWERXQGHGE\WKHLQLWLDOJUDGLQJ
FXUYHWKHJUDLQVL]HFXUYHSHUWDLQLQJWRWKHJLYHQDSSOLHGVWUHVVDQGWKHYHUWLFDOOLQHGUDZQDWWKHDEVFLVVDG PP
DQGWKHEUHDNDJHSRWHQWLDO%SLHWKHDUHDERXQGHGE\WKHLQLWLDOJUDGLQJFXUYHWKHKRUL]RQWDOOLQHWKURXJKWKH
SRLQWRIWKHLQLWLDOJUDGLQJFXUYHDQGWKHYHUWLFDOOLQHDWG PP7KH+DUGLQ¶VUHODWLYHEUHDNDJHLQGH[%UUDQJLQJ
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DOOSDUWLFOHVKDYHFUXVKHGDQGWKHLUGLDPHWHULVVPDOOHUWKDQPP(LQDY>@RQWKH
EDVLVRIWKHREVHUYDWLRQWKDWWKHJUDLQVL]HFRPSRVLWLRQRIDFRPSDFWHGSDUWLFXODWHPDWHULDOVKRXOGEHOLPLWHGE\DQ
XOWLPDWH JUDGLQJ DWWDLQHG XQGHU H[WUHPHO\ ODUJH VWUHVV OHYHO RU XQGHU YHU\ KLJK VKHDU VWUDLQV KDV SURSRVHG WKH
IROORZLQJQHZUHODWLYHEUHDNDJHLQGH[%U
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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GPPWKDWFRLQFLGHZLWKWKHLQLWLDOJUDGLQJRIWKHVDQGLVQRWFRPSOHWHO\HOLPLQDWHGWKHUHDUHSDUWLFOHV
WKDWVXUYLYHGDOVRIRUYHU\KLJKYDOXHVRIDSSOLHGVcY7KHSDUWLFOHVZLWKG!PPDOZD\VLQFUHDVHZLWKWKHYHUWLFDO
DSSOLHGVWUHVVVcYEXWZLWKD UDWHZKLFK LV UHGXFHGZLWKVcYZKHQVcY LVJUHDWHU WKDQDERXW03D7KHRWKHU
JHQHUDWHGIUDFWLRQV)LJEGLQLWLDOO\LQFUHDVHZLWKVcYWKH\UHDFKDSHDNYDOXHDWVcYWKDWUHGXFHVZLWKWKHLQFUHDVLQJ
RIWKHPHDQGLDPHWHURIWKHFRQVLGHUHGIUDFWLRQDQGWKHQWKH\UHGXFHZLWKVcY7KLVGDWDFOHDUO\FRQILUPVWKDWWKH
HYROXWLRQRIJUDGLQJLVHVVHQWLDOO\IUDFWDORQO\IRUVcYJUHDWHUWKDQDERXW03D
&RQFOXVLRQV
5HVXOWVSUHVHQWHGLQWKHSDSHUVKRZWKDWWKHJUDLQVL]HGLVWULEXWLRQRISXPLFHVDQGVLQ'FRPSUHVVLRQXQGHUJR
DSSUHFLDEOH FKDQJHV DW VWUHVV VcY DV ORZ DV DERXW  03D ,W LV VKRZQ WKDW WKH UHGXFWLRQ ''L RI WKH JHQHULF
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FKDUDFWHULVWLFGLDPHWHU'LLQFUHDVHVZLWKWKHDSSOLHGVWUHVVVcYDFFRUGLQJWRWKHUHODWLRQ''L K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&H[S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